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Description
Field of the Invention

[0001] The present invention relates to an optical
switch for switching a combination of light paths between
a plurality of optical fibers.

Background of the Invention

[0002] In common, an optical switch is provided for
switching the light path between collimate lenses optical-
ly coupled to corresponding optical fibers by a prism ad-
vancing and retracting between two set of the lenses.
Some of such conventional optical switches are dis-
closed having an electromagnetic driver equipped with
an armature which is mechanically joined to the prism
(US Patent No. 5,999,669 and JP Patent Laid-open Pub-
lication 4-1454009).

[0003] The optical switch disclosed in US Patent No.
5,999,669 has a prism 31 arranged to move to and from
between collimate lenses 35, which are optically coupled
to corresponding optical fibers 4a to 4c and located at
their position in a body 1, for switching the light path, as
shown in Fig. 57. The prism 31 is mounted to one end of
an arm 37 which is joined at the other end to and driven
by a relay RY for rotation. As a result, the prism 31 is
moved vertically of the sheet of paper to and from the
light path. When the prism 31 is retracted from the light
path, the two optical fibers 4a and 4c are coupled. When
the prism 31 is set across the light path, the optical fiber
4a is coupled to the optical fiber 4b.

[0004] The optical switch disclosed in JP Patent Laid-
open Publication 4-145409 has a prism 31 arranged to
move in and from between collimate lenses 35, which
are optically coupled to corresponding optical fibers 4a,
4b, 4c, and 4d, through the window 38e provided in an
iron core for switching the light path, as shown in Fig. 58.
The prism 31 is actuated by a mechanism which has a
leaf spring 38a joined at one end to a permanent magnet
38b and the prism 31 and at the other end to the iron
core 38c. The iron core 38¢ has a coil 38d wound thereon.
When the coil 38d is energized, a magnetic force is de-
veloped between the permanent magnet 38b and the iron
core 38c thus to move the prism 31 to and from the light
path vertically of the sheet of paper. When the prism 31
is retracted from the light path; the optical fibers 4a and
4b are coupled to the optical fibers 4cand 4d respectively.
When the prism 31 is present across the light path, the
optical fibers 4a and 4d are coupled to each other while
the optical fibers 4b and 4c are coupled to each other.
[0005] In either the conventional optical switch, the
prism 31 is mounted to the arm 37 or the leaf spring 38a
which extends at a right angle to the moving direction of
the prism 31. Also, as the arm 37 or the leaf spring 38a
performs a pivotal movement about one pivot, its length
has to be increased for extending the stroke of the move-
ment of the prism 31.
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[0006] As a result, the body 1 will be increased in the
size along the lengthwise direction of the arm 37 or the
leaf spring 38a. Also, the body 1 may have an unwanted
dead space in the interior thereof. Since the prism 31 is
pivotably moved about the pivot on the arm 37 or the leaf
spring 38a, its pivotal movement permits the area of the
prism 31 adjacent to the center thereof to be off the light
path and causes the outermost of the prism 31 to travel
a long distance. Accordingly, a more space will be need-
ed for clearing the movement of the prism 31, hence in-
creasing the overall size of the body 1.

[0007] JP Patent Laid-open Publication 61-186920
and US Patent No. 5,594,820 also disclose optical
switches comprising a prism and an electromagnetic driv-
er with an armature.>

Summary of the Invention

[0008] Itis hence an object of the present invention to
provide an optical switch which is decreased inthe overall
size with any dead space minimized in its body.

[0009] Inordertoachieve the above-mentioned object,
according to the present invention, an optical switch for
switching the light path between collimating lenses opti-
cally coupled to the ends of corresponding optical fibers
by the advancing and retracting movements of a prism
according to claim 1 is provided

[0010] As one feature of the present invention, the
electromagnetic driver allows the armature and thus the
prism to move linearly. Also, the electromagnetic driver
is located next to the prism along the moving direction of
the armature. Accordingly, the size for advancing and
retracting the prism is determined simply by the area of
the prism projected on a place orthogonal to the moving
direction of the armature. As a result, the mechanism for
switching the light path can be minimized in the dimen-
sions. Also, as the movement of the prismis linear, unlike
the conventional pivotal movement about a pivot point
on a member to which the prism is mounted, any dead
space for clearing the movement of the prism will be elim-
inated. Consequently, the body can be decreased in the
overall size.

[0011] In the optical switch of the present invention,
the coil block in the electromagnetic driver comprises an
iron core having two magnetic polar portions provided at
both ends thereof, a coil for exciting the iron core, and a
permanent magnet for magnetizing the armature, the ar-
mature comprises a first contact portion located opposite
to one side of one of the two magnetic polar portions
which faces one direction of the movement of the arma-
ture and a second contact portion located opposite to
one side of the other magnetic polar portion which faces
the other direction of the movement of the armature, and
each of the spring strips is joined to an intermediate re-
gion between the two contact portions of the armature.
As the electromagnetic driver is of a polar type, it can
generate a large driving force from a relatively small level
of current thus contributing to the energy saving.
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[0012] Preferably the electromagnetic driver performs
a bistable action for holding the armature by the magnetic
force of the permanent magnet at each of the two posi-
tions, where the first contact portion of the armature
comes into direct contact with the corresponding polar
portion of the iron core and where the second contact
portion of the armature comes into direct contact with the
other polar portion of the iron core. As the electromag-
netic driver performs the bistable action, its coil has to
be energized only when the switching of the light path is
required hence minimizing the consumption of power.
[0013] Alternatively preferably the electromagnetic
driver performs a monostable action for holding the ar-
mature by the magnetic force of the permanent magnet
constantly at one of the two positions, where the first
contact portion of the armature comes into direct contact
with the corresponding polar portion of the iron core or
where the second contact portion of the armature comes
into direct contact with the other polar portion of the iron
core. As the electromagnetic driver performs the monos-
table action, its coil needs not to be energized while nor-
mally connected one of the light path is selected hence
minimizing the consumption of power.

[0014] Preferably the number of the spring strips is
four, and the armature is arranged between two pairs of
the spring strips, each pair extending in one direction
from each joint with the armature to one of the magnetic
polar portion. As the armature is supported at both ends
along the direction across the two polar portions of the
iron core, its movement can substantially be inhibited
along a direction which extends at a right angle to the
moving direction of the armature and to the direction
aligned across the two polar portions. More specifically,
when the armature remains at its contact portion in direct
contact with the corresponding polar portion of the iron
core, its movement are inhibited along the direction at a
right angle to the moving direction of the armature and
to the direction aligned across the two polar portions
hence inhibiting the prism from being dislocated by any
external impact. As a result, the possibility of changing
the light path or the intensity of light along the light path
due to the action of any external stress can successfully
be eliminated. As the number of the spring segments is
four, those effects can be more emphasized than with
two spring segments.

[0015] Preferably the leaf spring has a joint strip there-
of arranged extending in the moving direction of the ar-
mature and joined to the armature along the movement
in an overlap relationship while the spring strips are ar-
ranged integrally with the ends of the joint strip in the
moving direction of the armature. Accordingly, the spring
segments can be prevented from deflecting during their
assembling with the armature. This allows the spring
strips to be mounted to the armature with no deflection.
Also, as the joint strip of the leaf spring is oriented along
the moving direction of the armature, its assembling ac-
tion can be carried out with ease at the widely open side
of the armature.
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[0016] The optical switch of the present invention al-
lows the prism to be joined to the armature with the use
of no particular components and can thus be decreased
in the number of components, the overall dimensions,
and the production cost. Also, the positional precision of
the prism can be ensured by controlling the size of the
armature. As aresult, the positioning of the prism can be
stabilized and improved.

[0017] The optical switch of the present invention pref-
erably has the prism holder platform joined integral with
the armature while not interrupting the action of the leaf
spring.

[0018] The optical switch of the present invention pref-
erably has the branches and frame of the leaf spring pro-
vided to surround the prism holder platform thus increas-
ing the resistance against any unwanted impact of force
along the direction orthogonal to the moving direction of
the armature and the lengthwise direction of the spring.
[0019] The optical switch of the present invention al-
lows the positional relationship between the armature
and the prism to be finely controlled thus minimizing a
declination in the intensity of light along the light path
between the two sets of the collimate lenses.

[0020] The optical switch of the present invention al-
lows the positioning of the components of the electro-
magnetic driver and the prism in relation to the body to
be determined with reference to the iron core, thus min-
imizing discrepancies between different sample lots.
[0021] The optical switch of the present invention pref-
erably has the side wall and the bottom wall of the lens
holder platform to be formed integral with each other to
develop anL shapeinthe cross section, henceincreasing
the physical strength of the lens holder platform even
with its side wall and bottom wall arranged thinned. When
its strength is desired of a level equal to that of any con-
ventional switch, the lens holder platform can be de-
creased in the overall size. When its size is desired of a
level equal to that of any convention switch, the lens hold-
er platform can spare a more room for the movement of
the prism which is thus implemented with much ease.
[0022] The optical switch of the present invention pref-
erably has the iron core defining the movement of the
armature and the lens holder platform determining the
position of the lenses to be joined to each other, thus
controlling at high precision the positional relationship
between the lenses and the prism. Also, the optical axes
of the lenses can accurately be aligned with the prism.

Brief Description of the Drawings
[0023]

Fig. 1 is an exploded perspective view of an optical
switch showing one embodiment of the present in-
vention;

Fig. 2 is a plan view of the optical switch with its cover
removed off;

Fig. 3is aplan view of the optical switch with its prism
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retracted from the light path;

Fig. 4 is a longitudinal cross sectional view of the
optical switch;

Fig. 5 is a transverse cross sectional view of the op-
tical switch;

Fig. 6(a) is a partially cut-off front view of a base of
the optical switch and Fig. 6(b) is a cross sectional
view of the same;

Fig. 7 is a partially cut-off, exploded perspective view
of the optical switch;

Fig. 8 is a perspective view of a leaf spring and an
actuator of the optical switch;

Fig. 9(a) is a partially cut-off exploded front view of
an iron core of the optical switch and Fig. 9(b) is a
cross sectional view of the same;

Fig. 10 is a cross sectional view of the optical switch
with its cover removed off;

Fig. 11 is a plan view showing a functional arrange-
ment of an electromagnetic driver of the optical
switch;

Fig. 12 is a front view of the same;

Figs. 13(a), 13(b), and 13(c) are a front view, a side
view, and another side view of a prism mounting plate
of the optical switch;

Fig. 14 is a perspective view of a lens holder platform
of the optical switch;

Figs. 15(a) and 15(b) are plan views explaining ac-
tions of the optical switch;

Figs. 16(a), 16(b), and 16(c) are a front view, a side
view, and another side view of a modification of the
prism mounting plate of the optical switch;

Figs. 17(a), 17(b), and 17(c) are a front view, a side
view, and another side view of another modification
of the prism mounting plate of the optical switch;
Fig. 18 is a plan view of a functional arrangement of
a modification of the electromagnetic driver;

Fig. 19 is a front view of the same;

Fig. 20 is a plan view of a functional arrangement of
an electromagnetic driver of an optical switch show-
ing a second embodiment of the present invention;
Fig. 21 is a front view of the same;

Fig. 22 is a primary back view of an electromagnetic
driver of an optical switch showing a third embodi-
ment of the present invention;

Fig. 23 is a plan view of a functional arrangement of
the electromagnetic driver;

Fig. 24 is a front view of the same;

Fig. 25 is an exploded perspective view of an optical
switch showing a fourth embodiment of the present
invention;

Fig. 26 is a plan view of the same with its cover re-
moved off;

Fig. 27 is a longitudinal cross sectional view of the
same;

Fig. 28 is a longitudinal cross sectional view of the
same;

Fig. 29 is a side view of the same:

Fig. 30 is a transverse cross sectional view of the
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same;

Fig. 31 is a transverse cross sectional view of the
same;

Fig. 32 is an exploded perspective view of the same;
Fig. 33 is an exploded perspective view of a primary
part of the same;

Fig. 34 is a primary back view of an electromagnetic
driver of the same;

Fig. 35 is a plan view of a functional arrangement of
the electromagnetic driver;

Fig. 36 is a front view of the electromagnetic driver
of the same;

Fig. 37 is a primary back view of an electromagnetic
driver of an optical switch showing a fifth embodi-
ment of the present invention;

Fig. 38 is a plan view of a functional arrangement of
the electromagnetic driver;

Fig. 39 is a front view of the electromagnetic driver;
Fig. 40 is a primary back view of an electromagnetic
driver of an optical switch showing a sixth embodi-
ment of the present invention;

Fig. 41 is a plan view of a functional arrangement of
the electromagnetic driver;

Fig. 42 is a front view of the electromagnetic driver;
Fig. 43 is a plan view of a functional arrangement of
an electromagnetic driver of an optical switch show-
ing a seventh embodiment of the present invention;
Fig. 44 is a front view of the electromagnetic driver;
Fig. 45 is an explanatory view showing an action of
the same;

Fig. 46 is an explanatory view showing an action of
the same;

Fig. 47 is an explanatory view showing an action of
the same;

Fig. 48 is an explanatory view showing an action of
the same;

Fig. 49 is a plan view of a functional arrangement of
an electromagnetic driver of an optical switch show-
ing an eighth embodiment of the present invention;
Fig. 50 is a front view of the electromagnetic driver;
Fig. 51 is an explanatory view showing an action of
an optical switch of a ninth embodiment of the
present invention;

Figs. 52(a) and 52(b) are a front view and a cross
sectional view of an armature of an optical switch
showing a tenth embodiment of the present inven-
tion;

Fig. 53 is a perspective view showing modified forms
of the cover and the base of the optical switch of the
present invention;

Fig. 54 is a plan view of the optical switch with its
cover removed off;

Fig. 55 is a cross sectional view taken along the line
A-B of Fig. 54;

Fig. 56 is a side view of the same;

Fig. 57 is a cross sectional view of a conventional
optical switch; and

Figs. 58(a) and 58(b) are a plan view and a side view
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of another conventional optical switch.
Best Modes for embodying the Invention
(First Embodiment)

[0024] An optical switch of one embodiment of the
present invention will be described referring to Figs. 1 to
15. The optical switch is of 2x2 type for switching between
two modes of optical connection with four optical fibers
4a, 4b, 4c, and 4d; connection between the optical fiber
4a and the optical fiber 4d and between the optical fiber
4b and the optical fiber 4c as shown in Fig. 15(a) and
connection between the optical fiber 4a and the optical
fiber 4c and between the optical fiber 4b and the optical
fiber 4d as shown in Fig. 15(b). The two modes can be
selected by the presence and absence action of a prism
31 disposed between one group of the optical fibers 4a
and 4b and the other of the optical fibers 4c and 4d. The
prism 31 is movable along the vertical direction to the
sheet of paper shown in Fig. 15.

[0025] Referring to Figs. 1 to 3, the optical switch of
this embodiment includes an electromagnetic driver 2
with an armature 21 and a light path selector 3 actuated
by the action of the armature 21 for switching connection
between the two groups of the optical fibers 4a, 4b, 4c,
and 4d as described above, both provided in a body 1
made of a synthetic resin molded form. As the armature
21is displaced, it drives the prism 31 to move to and from
between one group of the optical fibers 4a and 4b and
the other group of the optical fibers 4c and 4d, thus switch-
ing a light path.

[0026] The body 1 comprises a base 11 and a cover
12 joined to each other thus having an installation space
1a of a rectangular parallelepiped shape therein. The
body 1 also has a couple of tubular conduits 1b provided
in both lengthwise ends thereof for communication with
the installation space 1a. The installation space 1a and
the two conduits 1b are defined between the base 11 and
the cover 12 joined to each other. The base 11 has a
step 11a thereof provided for abut joining with a step
provided in the cover 11. The base 11 also has a plurality
of projections 11b provided on the outer surface thereof
for engagement with assembling apertures 12c provided
in downwardly extending assembling tabs 12b of the cov-
er 12. As their projections and apertures are engaged
together, the base 11 and the cover 12 are joined to each
other. The electromagnetic driver 2 and the light path
selector 3 are installed in the installation space 1a while
the four optical fibers 4a, 4b, 4c, and 4d are accepted by
the two conduits 1b thus to connect with the light path
selector 3.

[0027] The electromagnetic driver 2 comprises a coil
block 2a equipped with a coil frame 22 of a synthetic resin
form and a armature block 2b equipped with the armature
21. The coil frame 22 has a terminal bed 22a provided
on each lengthwise end thereof and a magnet holder 22b
provided at the lengthwise center thereof. The terminal
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bed 22a has a flange portion 22c. A coil winding 23 is
provided between the flange 22c of each terminal bed
22a and the magnet holder 22b. The coil 23 may be of
either single or double winding type as the description is
based on its single winding type. The two coils 23, each
between the flange 22c and the magnet holder 22b are
connected in series to each other. In case of a double
winding type, the two coils 23 between the two flanges
22c and the magnet holder 22b are isolated from each
other. Two or more terminal pins 24 are provided in each
the terminal bed 22a for connection to two ends of each
coil 23.

[0028] As illustrated in Figs. 4, 5, 9, and 10, the coil
frame 22 holds an iron core 25 which extends from its
center 25¢ (Fig. 9) across the inside of the coil frame 22,
on which the coils 23 are wound, to both magnetic polar
portions 25a and 25b projected from their respective ter-
minal beds 22a. More specifically, the polar portions 25a
and 25b are situated outwardly of the flanges 22¢ and
exposed to the outside from the coils 23. The magnet
holder 22b has a permanent magnet 26 embedded there-
in so that one pole of the permanent magnet 26 is mag-
netically connected to the center 25¢ of the iron core 25
while the other pole is projected outward from the magnet
holder 22b, as shown in Fig. 12. The magnetic polar por-
tions 25a and 25b are equal in the projecting direction to
the two poles of the permanent magnet 26. For allowing
the center 25¢ of the iron core 25 to pass therethrough,
the coil frame 22 comprises a pair of pieces which can
be separated from each other.

[0029] The base 11 has a pair of widthwisely distanced
projections 13 provided on each lengthwise end of the
inner side in the space 1a thereof on a far side opposite
to the side of the conduits 1b for holding the coil block
2a. The terminal bed 22a of the coil block 2a has a pair
of recesses 22d provided in each end of the bottom there-
of (terminal pins 24 projecting side) for engagement with
the paired projections 13, as shown in Figs. 9(b) and 10.
The iron core 25 extends into each of the recesses 22d.
When its iron core 25 is pressed down at one side to fit
between the paired projections 13, the coil block 2a is
fixedly joined to the base 11 with its recesses 22d ac-
cepting the projections 13 as shown in Figs. 9(a) and 9
(b). This inhibits the iron core 25 from being dislocated
from its position on the base 11. Also, the base 11 has
a pair of holding walls 14 provided on the inner side at
the space 1a thereof for holding the magnet holder 22b
of the coil block 2a which is fitted by pressing into two
engaging slots 14a provided in the two walls 14 respec-
tively. Accordingly, the coil block 2a is securely held at
the lengthwise center in the base 11. When the coil block
2ais mounted to the base 11, its terminal pins 24 extend
through corresponding terminal holes 11¢ (See Fig. 6(a))
provided in the base 11 to the outside of the base 11.
[0030] The armature 21 has two contact portions 21a
and 21b provided on both ends of a square main body
21c thereof for moving directly to and from the two mag-
netic polar portions 25a and 25b of the iron core 25 re-
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spectively. The two contact portions 21a and 21b extend
outwardly from two diagonally opposite sides at the
lengthwise ends of the main body 21c so that the two
contact portions 21a and 21b are positioned to face the
two magnetic polar portions 25a and 25b of the iron core
25 respectively. In particular, the contact portion 21a fac-
es the polar portion 25a at one side while the contact
portion 21b faces the polar portion 25b at the other side.
[0031] The armature 21 is joined to a pair of retaining
sheets 28 by a balancing spring 27 having a leaf spring
function. The paired retaining sheets 28 are anchored to
the two terminal beds 22a of the coil block 2a respective-
ly. The balancing spring 27 made of a single metal spring
material comprises a pair of spring strips 27a extending
lengthwisely along both sides of the armature 21, mount-
ing strips 27b provided by bending into an L shape both
ends of each spring strip 27a, and a joint strip 27c¢ joining
at the lengthwise center between the two spring strips
27a. More specifically, the joint strip 27c is joined at each
end thereof along the movement of the armature 21 to
the spring strip 27a. Also, the balancing spring 27 has a
bridge strip 27d provided orthogonal to the mounting
strips 27b at each end thereof for jointing at the length-
wise ends of the paired spring strips 27a. This inhibits
the spring strips 27a from being biased outwardly when
the balancing spring 27 remains not joined to any other
component.

[0032] The joint strip 27c is placed over and joined at
two locations by caulking to the lengthwise center of the
armature 21. More specifically, the joint strip 27c is ac-
cepted by two pegs 21e (Fig. 12) of the armature 21 which
are then flattened for locking. Accordingly, when the bal-
ancing spring 27 is joined with the armature 21, its spring
strips 27a are held free from any external stress and can
thus remain not deformed. Also, as the armature 21 has
the pegs 21e provided on one side thereof, its shape can
be simple. Since the armature 21 is secured at its top
side to the balancing spring 27, it provides a compara-
tively wider space thereabout hence contributing to the
ease of an assembling process. The mounting strips 27b
between the two spring strips 27a are joined also by
caulking to the paired retaining sheets 28 which are in
turn joined with their engaging projections 28a inserted
into corresponding holding holes 22e of the terminal beds
22a. As a result, the retaining sheets 28 are securely
anchored to the coil frame 22. The spring strip 27a con-
sists mainly of two pieces which stay resilient independ-
ently at both sides of the joint strip 27c. The armature 21
is hence supported by a pair of spring segments 27aa
and 27ab between one of the paired retaining sheets 28
and the joint strip 27c at one end and by another pair of
spring segments 27ac and 27ad between the other re-
taining sheet 28 and the joint strip 27c at the other end.
In all, the armature 21 is supported by four of the spring
segments 27aa to 27ad.

[0033] The action of the optical switch will now be ex-
plained referring to Figs. 11 and 12. The armature 21 has
its center located adjacent to N pole of the permanent
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magnet 26 and is hence magnetized to have an N pole.
When the coil 23 is energized, the polar portion 25a at
the left end of the iron core 25 is turned to an S pole and
then attracts the contact portion 21a of the armature 21.
Simultaneously, a repulsive force is developed between
the polar portion 25b and the contact portion 21b of the
armature 21 to move the armature 21 downwardly of Fig.
11. Accordingly, when the coil 23 is deenergized, the
armature 21 is held at its lower position by the magnetic
force of the permanent magnet 26. This state is illustrated
in Fig. 3. When the coil 23 is energized in an opposite
direction, the polar portion 25b at the right end of the iron
core 25 is turned to the S pole. Accordingly, while the
contact portion 21a and the polar portion 25a repel each
other, the contact portion 21b is attracted by the polar
portion 25b to move the armature 21 upwardly of Fig. 11.
When the coil 23 is deenergized, the armature 21 is held
at its upper position by the magnetic force of the perma-
nent magnet 26. More specifically, the electromagnetic
driver 2 of this embodiment is of a polar type with the
permanent magnet 26 thus ensuring bistable actions. By
controllably energizing the coil 23, the armature 21 can
be moved in parallel upwardly and downwardly of Fig. 11.
[0034] As described previously, the light path selector
3 is adapted for switching the light path between the two
groups of the optical fibers 4a, 4b, 4c, and 4d with and
without the use of the prism 31 which is joined to the
armature 21. The prism 31 is bonded by an adhesive to
a holder plate 32 made of a metal such as aluminum.
The holder plate 32 is joined to the armature 21 by an
adjuster plate 33 which is made of a sheet of metal. More
particularly, the prism 31 is mechanically joined to the
armature 21 by a prism mounting combination of the hold-
er plate 32 and the adjuster plate 33. The holder plate
32 is arranged orthogonal to the moving direction of the
armature 21. The adjuster plate 33 comprises a mounting
portion 33a joined by two-point caulking in overlap rela-
tionship to the holder plate 32, a supporting portion 33b
joined by two-point caulking to one side of the armature
21 in parallel to the joint portion 27¢, and an adjusting
portion 33c joining between the mounting portion 33a
and the supporting portion 33b. The adjusting portion 33c
is arranged of substantially an L shape having a second
half 33c2 extending along the side of the armature 21
and a first half 33c1 extending from the side of the arma-
ture 21 to the holder plate 32. The angle between the two
halves 33c1 and 33c2 is set to a desired degree to de-
termine the position of the prism 31 relative to the arma-
ture 21. The adjusting portion 33c is bent in a thickness-
wise direction of the metal plate. Also, the joint between
the adjusting portion 33c¢ and the supporting portion 33b
is adjustable in the angle. This can also determine the
position of the prism 31 through controlling the angle.
The position of the prism 31 relative to the armature 21
can controllably be determined in two directions denoted
by the arrows in Fig. 13. It is also possible, as shown in
Fig. 16, to control the position of the prism 31 in three
directions denoted by the arrows by a modification of the
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first half 33c1 which is narrowed in the width and thus
twisted in any desired direction. Alternatively, when the
angle between the supporting portion 33b and the ad-
justing portion 33c is fixed but not variable, the position
of the prism 31 can be controlled only in one particular
direction denoted by the arrow in Fig. 17.

[0035] The light path selector 3 includes a lens holder
platform 34 made of e.g. sintered alloy for holding the
incoming ends of the optical fibers 4a, 4b, 4c, and 4d, as
shown in Fig. 14. The lens holder platform 34 comprises
a pair of lens supports 34a of a rectangular parallelepiped
shape, each supporting two (collimate) lenses 35 (See
Fig. 1). The two lens supports 34a are positioned so that
any two opposite lenses 35 face each other. The two lens
supports 34a are joined to each other by a side wall 34b
at one side and a bottom wall 34¢ at the bottom. Each of
the lens supports 34a is joined on the other side at the
lower end to a mounting tab 34d which has a mounting
hole 34e provided therein. The side wall 34b and the
bottom wall 34c are joined to each other thus forming an
L shape in the cross section. This allows the lens holder
platform 34 having relatively small dimensions to be in-
creased inthe physical strength regardless thus inhibiting
the two lens supports 34a from being dislocated from
each other by any external stress. Also, as the lens holder
platform 34 is rigid enough regardless of thinning of the
side wall 34b and the bottom wall 34c, it can save the
space wide for accepting the prism 31 between its lens
supports 34a, hence guaranteeing the movement of the
prism 31.

[0036] The base 11 has a pair of upward bosses 15
provided on the inner side at the widthwise center of the
installation space 1a thereof as spaced from each other
along the lengthwise direction of the installation space
1a. The lens holder platform 34 is fixedly joined to the
base 11, when its mounting holes 34e receive the two
upward bosses 15 respectively which are then heated
and flattened at the distal end (for thermal caulking).
[0037] Each of the incoming ends of the four optical
fibers 4a, 4b, 4c, and 4d is coupled to a pigtail 36 of a
cylindrical shape. When the lenses 35 are bonded to
sides of the pigtails 36, they are optically coupled with
the optical fibers 4a, 4b, 4c, and 4d. The bonding between
the lenses 35 and the pigtails 36 are by a UV adhesive
which is cured when exposed to ultraviolet ray. As any
two opposite lenses 35 on their respective lens supports
34a face each other, light can pass between one group
of the optical fibers 4a and 4b and the other group of the
optical fibers 4c and 4d. The lenses 35 of collimate type
are located to pass lights in parallel between the two lens
supports 34a. The distance between the two mounting
tabs 34d is substantially equal to the length of the instal-
lation space 1a of the base 11 so that the lens holder
platform 34 can precisely be positioned on the base 11.
The four optical fibers 4a, 4b, 4c, and 4d with their cor-
responding pigtails 36 mounted on the lens holder plat-
form 34 are accommodated in the incoming conduit 1b
between the base 11 and the cover 12. The incoming
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conduit 1b includes a taper portion 1c which becomes
narrower towards the other end opposite to the installa-
tion space 1a end and a lead slot 1d provided at the distal
thereof end and sized substantially equal in the diameter
to the optical fibers 4a, 4b, 4c, and 4d.

[0038] As described, the prism 31 is joined to the ar-
mature 21, it can travel with the armature 21 controlled
by energization of the coil 23 in the electromagnetic driver
2. More particularly, the prism 31 can be moved between
its advanced position between the two lens supports 34a
in the lens holder platform 34 and its retracted position
spaced from the lens holder platform 34. By the move-
ment of the prism 31, the light path is switched from one
of the two modes for coupling between the optical fibers
4a and 4c and between the optical fibers 4b and 4d to
the other for coupling between the optical fibers 4a and
4d and between the optical fibers 4b and 4c or vice versa.
Also, the orientation of the prism 31 in relation to the
optical axes of the lenses 35 can be determined by con-
trolling the adjuster plate 33 thus to avoid declination of
the light transmission efficiency between one group of
the optical fibers 4a and 4b and the other group of the
optical fibers 4c and 4d.

[0039] As described, the electromagnetic driver 2 of
this embodiment s of polar type with the permanent mag-
net 26 provided across the magnetic path for providing
bistable actions. This allows the light path between one
group of the optical fibers 4a and 4b and the other group
of the optical fibers 4c and 4d to be switched from one
mode to the other mode by energizing the coil 23 in the
electromagnetic driver 2 and remain at its mode when
the coil 23 is deenergized. Accordingly, this action will
be a highly energy saving action as compared with a
conventional continuously energizing action. Also, the ar-
mature 21 is supported by the four spring segments 27aa
to 27ad of the balancing spring 27 which can be biased
along the moving direction of the armature 21. Even if
the armature 21 receives any external force of impact,
its displacement can be inhibited by the action of the
spring segments 27aa to 27ad thus reducing unwanted
change of the light transmission condition between one
group of the optical fibers 4a and 4b and the other group
of the optical fibers 4c and 4d.

[0040] Moreover, since the armature 21 is movable in
parallel and the light path selector 3 is located at one side
of the electromagnetic driver 2, the thickness of the body
1 can be as small as the height of the electromagnetic
driver 2 hence minimizing the height of the body 1 when
the terminal pins 24 extending from the bottom of the
body 1. The parallel movement of the armature 21 also
permits the distance between the two lens supports 34a
to be as small as the width of the prism 31, thus contrib-
uting to the smaller size of the lens holder platform 34.
The electromagnetic driver 2 and the light path selector
3 are located side by side while the space for the move-
ment of the prism 31 only is maintained. As a result, the
body 1 has no dead space and can thus be minimized in
the overall dimensions.
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[0041] Forassembling the optical switch of the embod-
iment, the procedure starts with mounting the coil block
2a of the electromagnetic driver 2 and then the lens hold-
er platform 34 on the base 11. Then, the coil block 2a is
joined with the armature block 2b and the base 11 is
covered with the cover 12. This allows the different com-
ponents to be mounted to the base 11 from one direction
thus enabling an automatic mode of the assembling proc-
ess. When the coil block 2a is mounted on the base 11,
its iron core 25 is pressed into between the paired pro-
jections, 13 until the recesses 22d provided in its terminal
bed 22a accept their corresponding projections 13. This
allows the coil block 2a to be precisely positioned on the
base 11. The armature block 2b has the balancing spring
27 caulked at two locations to the armature 21 and to the
two retaining sheets 28 and the adjuster plate 33 caulked
attwo locations to the armature 21 and to the holder plate
32. Accordingly, the holder plate 32 (with the prism 31),
the adjuster plate 33, the armature 21, the balancing
spring 27, and the retaining sheets 28 are joined together
while positioned correctly. As the engaging projections
28a of the retaining sheets 28 are pressed into the cor-
responding holding holes 22e of the coil block 2a, the
position of the armature block 2b on the base 11 is de-
termined by the installation of the iron core 25. As aresult,
the other components can correctly be installed at their
positions with reference to the location of the iron core
25, hence minimizing a difference in the properties be-
tween sample lots.

[0042] Although the balancing spring 27 is joined to
the armature 21 at its joint strip 27c between the two
spring strips 27a in this embodiment, it may have its
spring strips 27a joined at the lengthwise center by two
pegs 21e to both sides of the armature 21.

(Second Embodiment)

[0043] While the permanent magnet 26 is mounted to
the coil frame 22 in the first embodiment, it is mounted
to the lengthwise center of the armature 21 to face the
electromagnetic block 2a in the second embodiment as
shown in Figs. 20 and 21. The permanent magnet 26 is
magnetically coupled at one pole to the armature 21 for
magnetization. The other components are identical to
those of the first embodiment. The action of the electro-
magnetic driver 2 hence remains unchanged like as the
firstembodiment. As the coil frame 22 of this embodiment
needs not to include a magnet holder 22b, it can spare
more room for the coil 23 in its given size not different
from that of the first embodiment thus lowering the power
consumption. If the room for the coil 23 remains equal to
that of the first embodiment, the coil frame 22 can be
reduced in the dimensions thus allowing the body 1 to
be minimized in the overall size.

(Third Embodiment)

[0044] While the prism 31 is mounted to the armature

10

15

20

25

30

35

40

45

50

55

21 by the prism mounting assembly (the holder plate 32
and the adjuster plate 33) in the previous embodiment,
it is mounted on a prism mounting bed 29 provided inte-
gral with one side of the armature 21 as shown in Figs.
22 to 24. More specifically, the prism 31 is bonded to the
prism mounting bed 29. The prism mounting bed 29 is
located at the lengthwise center of the armature 21 to
extend across the spring strip 27a. The prism mounting
bed 29 has a fitting recess 29a provided in the distal end
thereof for accepting an intermediate of the spring strip
27a (one end of the joint strip 27c). This allows the prism
mounting bed 29 to be provided integral with the armature
21 while the balancing spring 27 is simplified in the shape.
The other components and actions are identical to those
of the first embodiment.

(Fourth Embodiment)

[0045] This embodiment has the balancing spring 27
of the first embodiment modified in the shape, as shown
in Figs. 25 to 36, and the prism mounting bed 29 provided
integral with the armature 21 like the third embodiment.
Throughout the drawings, like components are denoted
by like numerals and will be explained in no more detail.
[0046] Thebalancing spring 27 of this embodiment has
the joint strip 27¢ modified into a Y shape having two
branches 27f at one end along the movement of the ar-
mature 21 (in a widthwise direction). The two branches
27f are coupled integral with two spring segments 27ab
and 27ad respectively. The Y shaped joint strip 27c is
hence joined at its three legs to three pegs 21e of the
armature 21 respectively. The balancing spring 27 has
aframe strip 27g joined integrally between the two spring
segments 27ab and 27ad. There is a window 27h defined
by the frame strip 27g, the two spring segments 27ab
and 27ad, and the branches 27f of the joint strip 27c. The
prism mounting bed 29 provided integral with the arma-
ture 21 is accommodated in the window 27h. As a result,
the prism mounting bed 29 provided integral with the ar-
mature 21 is clearly accepted in the window 27h of the
balancing spring 27 thus interrupting none of the spring
segments 27ab and 27ad.

[0047] The lens holder platform 34 of this embodiment
has the two mounting tabs 34d replaced by two mounting
legs 34f. The mounting legs 34f extend outwardly from
both ends of the bottom wall 34c towards the electromag-
netic driver 2. Each of the mounting legs 34f has a screw
hole 34g provided in a distal side thereof. The terminal
bed 22a of the coil frame 22 in the electromagnetic driver
2 has a couple of holding recesses 22f provided therein
opening at both widthwise ends. The iron core 25 is ex-
posed partially in the holding recesses 22f. Particularly,
each exposed portion in the holding recess 22f has a
through hole 25d provided thereacross for alignment with
the screw hole 34g of the lens holder platform 34. The
coil frame 22 comprises two halves 22x and 22y joined
to each other to sandwich the iron core 25 from both ends
(See Fig. 32).
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[0048] The mounting legs 34f are so sized that their
distal sides come in direct contact with the iron core 25
when inserted into the corresponding holding recesses
22f ofthe coil frame 22. As its screw holes 34g are aligned
with the corresponding through holes 25d, the lens holder
platform 34 can be tightened to the iron core 25 by a
couple of retaining screws 39 passing through the
through holes 25d and screwing into the screw holes 34g.
The lens holder platform 34 is joined by the two retaining
screws 39 to the both lengthwise ends of the center 25¢
of the iron core 25. As a result, the joining between the
lens holder platform 34 and the iron core 25 can be solid
and stable. Although the joining between the lens holder
platform 34 and the iron core 25 is implemented by the
two retaining screws 39 in this embodiment, it may be
feasible by adhesive bonding or welding.

[0049] The interface between the lens holder platform
34 and the iron core 25 is a reference plane for deter-
mining the position of the lenses 35 (i.e. the position of
the apertures for holding the lenses 35) while the iron
core 25 also determines a reference plane for positioning
the armature 21. Accordingly, the positional relationship
between the prism 31 driven by the armature 21 and a
set of the lenses 35 held in the lens holder platform 34
can be controlled at higher precision. Also, as the prism
31 and the lenses 35 are positioned by the action of the
iron core 25, their positional relationship can remain at
high precision without significant errors.

[0050] The cover 12 has an opening 1e provided at
the portion opposite to each conduit 1b for accommodat-
ing the optical fibers 4a, 4b, 4c, and 4d. The opening 1e
is designed for applying doses of an adhesive 1f to the
incoming ends of each pair of the optical fibers 4a and
4b or 4c and 4d accommodated in the conduit 1b. In
addition, a rib 1g is provided on each end at the conduit
1b for interrupting the escape of the adhesive 1f. Accord-
ingly, when each of the optical fibers is bonded by the
adhesive 1f into the conduit 1b, its pigtail 36 can be pro-
tected from any external tension applied through the op-
tical fiber.

(Fifth Embodiment)

[0051] This embodimenteliminates the frame strip 27g
of the fourth embodiment as shown in Figs. 37 to 39. As
the two spring segments 27ab and 27ad are joined to
each other by only the branch 27f, the resistance of the
armature 21 to any impact exerted along its thickness
direction may be less favorable than that of the fourth
embodiment. However, this embodiment allows the other
functions of the fourth embodiment to remain unchanged
and can hence be utilized preferably under less impact
conditions.

(Sixth Embodiment)

[0052] This embodiment has auxiliary mounting strips
27i added to the arrangement of the fifth embodiment as
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partially overlapped with and attached to the bottom of
the armature 21, as shown in Figs. 40 to 42. One end of
each spring segment 27ab or 27ad is provided integrally
at one side with the branch 27f and at the other side with
the auxiliary mounting strip 27i. In other words, the ar-
mature 21 is sandwiched between the branch 27f and
the auxiliary mounting strip 27i. More particularly, the
auxiliary mounting strip 27ilike the joint strip 27c is joined
to a peg 21e of the armature 21. While the other compo-
nents of this embodiment are identical to those of the fifth
embodiment, the auxiliary mounting strips 27i guarantee
the joining strength of the spring segments 27ab and
27ad to the armature 21. Accordingly, the resistance of
the armature 21 to any impact applied along its thick-
nesswise direction (orthogonal to the movement of the
armature 21 and the direction of extensions of the spring
segments 27ab and 27ad) can be higher than that of the
fifth embodiment.

(Seventh Embodiment)

[0053] This embodiment has the balancing spring 27
modified comprising two spring segments 27aa and 27ab
provided on both sides of the armature 21 and joined to
a single retaining sheet 28, as shown in Figs. 43 and 44.
In other words, the other retaining sheet 28 and the spring
segments 27ac and 27ad of the balancing spring 27 in
the first embodiment all are eliminated.

[0054] The arrangement of this embodiment can per-
form the same action as of the first embodiment. Refer-
ring to Figs. 45 and 46, the coil 23 is energized to turn
the left polar portion 25a of the iron core 25 to N pole
while the N pole of the permanent magnet 26 faces the
armature 21. This causes the left contact portion 21a of
the armature 21 to generate an upward repulsion while
the other contact portion 21b to generate an upward at-
traction denoted by the arrows in Fig. 45, thus initiating
the direct contact between the other contact portion 21b
and the polar portion 25b. In reverse, when the coil 23 is
energized to turn the polar portion 25a of the iron core
25to S pole, as shown in Figs. 47 and 48, the left contact
portion 21a of the armature 21 generates a downward
attraction while the other contact portion 21b generating
a downward repulsion denoted by the arrows in Fig. 47
thus coming into direct contact with the polar portion 25a.
Similar to the action of the first embodiment, the prism
31 can be moved by the action of the armature 21 to
switch the optical coupling of the four optical fibers 4a,
4b, 4c, and 4d from one mode to the other.

(Eighth Embodiment)

[0055] This embodiment has the balancing spring 27
modified comprising two spring segments 27ab and 27ac
provided on one side of the armature 21 and joined to
the two retaining sheets 28 respectively, as shown in
Figs. 49 and 50. The spring segment 27ab and the con-
tact portion 21b of the armature 21 are located on oppo-
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site sides of the polar portion 25b of the iron core 25 while
the spring segment 27ac and the contact portion 21a of
the armature 21 are located on opposite sides of the polar
portion 25a of the iron core 25. This allows the armature
21 to be less movable along its thickness direction as
compared with the seventh embodiment. As a result, the
armature 21 can be inhibited from being displaced in its
thickness direction by any external force to change the
location of the prism 31. The other components and their
actions are identical to those of the first embodiment.

(Ninth Embodiment)

[0056] While the four optical fibers 4a, 4b, 4c, and 4d
are provided for 2x2 switching actions in the first embod-
iment, this embodiment employs three of the optical fib-
ers4ato4cinaone-to-two arrangement for 1x2 switching
actions, as shown in Fig. 51. The other components and
their actions are identical to those of the first embodiment.

(Tenth Embodiment)

[0057] While the first embodiment has the armature 21
arranged movable between the two different positions
and held at one of the two position by the magnetic force
of the permanent magnet 26 for bistable actions, this em-
bodiment allows the armature 21 to constantly return
back to desired one of the two positions whenever the
coil 23 is deenergized for monostable action. For the
monostable action, the armature 21 has a residual plate
21d of a nonmagnetic metal provided on one 21b of the
two contact portions thereof to face the polar portion 25b,
as shown in Fig. 52. As the action of the residual plate
21d lessens the attraction between the contact portion
21b and the polar portion 25b, the monostable action of
the armature 21 can favorably be controlled by modifying
a combination between the urging force of the balancing
spring 27 and the magnetic force of the permanent mag-
net 26. As aresult, the direct contact between the contact
portion 21a and the polar portion 25a for the monostable
action can readily be implemented upon de-energization
of the coil 23. The other components and their actions
are identical to those of the first embodiment.

(Eleventh Embodiment)

[0058] Alternatively, the firstembodiment may be mod-
ified where the balancing spring 27 remains urging the
armature 21 to hold its contact portion 21a in direct con-
tact with the polar portion 25a of the iron core 25 in a
normal state as shown in Fig. 3. Accordingly, when the
coil 23 is deenergized, the monostable action for con-
tacting between the contact portion 21a and the polar
portion 25a can certainly be conducted.

[0059] The urging force of the balancing spring 27
against the armature 21 may be replaced with equal suc-
cess by the action of an arrangement where the two re-
taining sheets 28 are dislocated from the widthwise cent-
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er on the coil frame 22 of the coil block 2a or arranged
in an asymmetry pattern along the widthwise direction of
the coil block 2a to have the widthwise center of the ar-
mature block 2b dislocated from that of the coil block 2a
when the balancing spring 27 is unloaded. The other
components and their actions are identical to those of
the first embodiment. This embodiment may also be
equipped with the residual plates 21d of the tenth em-
bodiment.

(Twelfth Embodiment)

[0060] This embodiment will be explained in the form
of an optical switch referring to Figs. 53 to 56. The optical
switch of this embodiment is substantially a modification
of the fourth embodiment where the conduits 1b of the
base 11 for accommodating the four optical fibers 4a, 4b,
4c, and 4d have sealing functions. The outer end of the
conduit 1b is defined by an inverted-U shaped opening
12d of the cover 12 and a U shaped opening 11d of the
base 11. When the cover 12 and the base 11 are joined
together, projections 11e provided below the U shaped
openings 11d on the base 11 are fitted into the lowermost
of the inverted-U shaped openings 12d of the cover 12
to develop a recessed space about each group of the
optical fibers. The recessed space is then filled with the
adhesive 1f to seal off the incoming ends of the body 1.
[0061] Forinhibiting the escape ofthe adhesive 1ffrom
the recessed space, a set of ribs 1g and 1h are provided
on the inner side at each conduit 1b of the body 1. Also,
the base 11 has an opening 11h provided in each end
thereof for accepting a U shaped key 11k which is shaped
to fill up the space between the two, upper and lower,
optical fibers. Accordingly, any space at each incoming
end of the body 1 can be filled up with a smaller amount
of the adhesive 1f. The cover 12 is arranged for closely
fitting on the base 11 with its lower end coming flush with
the bottom ofthe base 11. Also, the base 11 has a pattern
of groove provided in the rim of the bottom thereof as
well as about the terminal pin 24 holes. The joint between
the cover 12 and the base 11 can hence be sealed off
by the adhesive if being distributed throughout the
groove.

[0062] The present invention is not intended to limit
any combination of the illustrated embodiments. Also,
while the prism 31 in each of the embodiments is provided
on one side of the movement of the armature 21, two of
the prisms 31 may be located on both sides of the arma-
ture 21 respectively.

Industrial Utilization

[0063] The optical switch of the present invention is
designed for switching the light path of optical signals to
be transmitted in the optical fibers by the presence and
absence modes of the prism. More specifically, the prism
can be advanced and retracted by the action of an actu-
ator which is controlled by energization of the electro-
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magnetic coil.

Claims

An optical switch for switching the light path between
collimating lenses (35) optically coupled to the ends
of corresponding optical fibers (4a,4b,4c,4d) by the
advancing and retracting movements of a prism (31),
comprising:

a body (1) incorporating an optical switch hous-
ing and containing the collimating lenses and
the optical fibers,

an electromagnetic driver (2) including an arma-
ture (21) arranged to hold the prism (31) and a
coil block (2a) for driving the movement of the
armature (21) by means of magnetic actions,
the coil block (2a) including an iron core (25)
having two magnetic polar portions (25a,25b)
provided at both ends thereof, a coil (23) for ex-
citing the iron core (25) and a permanent magnet
(26) for magnetizing the armature (21), the ar-
mature (21) including a first contact portion (21a)
located opposite to one side of one (25a) of the
two magnetic polar portions which faces one di-
rection of the movement of the armature (21)
and a second contact portion (21b) located op-
posite to one side of the other (25b) magnetic
polar portion which faces the other direction of
the movement of the armature (21); and

aleaf spring (27) resilient in the moving direction
of the armature consisting mainly of at least two
parallelly extending spring strips (27a) each of
the spring strips is fixedly mounted at one end
(27b) to the body and at the other end (27¢) to
an intermediate region between the two contact
portions (27a,27b) of the armature (21) thus to
spatially hold the armature (21) and the prism
(31) for linear movement, wherein

the electromagnetic driver (2) and the prism (31)
are disposed next to each other along the mov-
ing direction of the armature (21), and

the armature (31) and the prism (31) are ar-
ranged so that they can linearly be moved at a
right angle to the light path between the lenses
(35) when the optical switch is in action.

An optical switch according to claim 1, wherein the
electromagnetic driver (2) performs a bistable action
for holding the armature (21) by the magnetic force
of the permanent magnet (26) at each of the two
positions, where the first contact portion (21a) of the
armature comes into direct contact with the corre-
sponding polar portion (25a) of the iron core and
where the second contact portion (21b) of the arma-
ture comes into direct contact with the other polar
portion (25b) of the iron core.
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3.

10.

20

An optical switch according to claim 1, wherein the
electromagnetic driver (2) performs a monostable
action for holding the armature (21) by the magnetic
force of the permanent magnet (26) constantly at
one of the two positions, where the first contact por-
tion (21a) of the armature comes into direct contact
with the corresponding polar portion (25a) of the iron
core or where the second contact portion (21b) of
the armature comes into direct contact with the other
polar portion (25b) of the iron core.

An optical switch according to claim 1, wherein the
number of the spring strips (27aa-27ad) is four and
the armature (21) is arranged between two pairs
(27aa&27ab,27ac&27ad) of the spring strips, each
pair extending in one direction from each joint with
the armature to one of the magnetic polar portion.

An optical switch according to claim 4, wherein the
leaf spring (27) has a joint strip (27c) thereof ar-
ranged extending in the moving direction of the ar-
mature (21) and joined to the armature along the
movementin an overlap relationship while the spring
strips (27aa-27ad) are arranged integrally with the
ends of the joint strip (27c) in the moving direction
of the armature.

An optical switch according to claim 5, wherein the
prism (31) is mounted to a prism mounting bed (29)
provided integral with at least one side of the arma-
ture (21).

An optical switch according to claim 6, wherein the
joint strip (27¢) has two branches (27f) thereof pro-
vided for accepting the prism mounting bed (29) ther-
ebetween.

An optical switch according to claim 7, wherein the
spring strips (27ab,27ad) have a frame strip (279)
provided to join integrally between the ends thereof
coupled to the two branches thus to develop a win-
dow (27h) defined by the two branches (27f) and the
frame strip (27g) where the prism mounting bed (29)
is accommodated.

An optical switch according to claim 1, further com-
prising a prism mounting plate (32,33) for mechani-
cally coupling between the armature (21) and the
prism (31), the prism mounting plate having a fold-
able portion (33) thereof arranged to controllably
modify its angle over a plane where extended are
the moving direction of the armature and the direc-
tion across the two polar portions (25a,25b) of the
iron core.

An optical switch according to claim 1, further com-
prising a prism mounting plate (32,33) for mechani-
cally coupling between the armature (21) and the
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prism (31), the prism mounting plate having a first
foldable portion (33c1) thereof arranged to control-
lably change its angle over a plane where extended
are the moving direction of the armature and the di-
rection across the two polar portions of the iron core
and a second foldable portion (33c2) thereof ar-
ranged to controllably change its angle over a plane
oriented at a right angle to the direction across the
two polar portions of the iron core.

An optical switch according to claim 1, further com-
prising a prism mounting plate (32,33) for mechani-
cally coupling between the armature (21) and the
prism (31), the prism mounting plate having a first
foldable portion (33c1) thereof arranged to control-
lably change its angle over a plane where extended
are the moving direction of the armature and the di-
rection across the two polar portions of the iron core,
a second foldable portion (33c2) thereof arranged to
controllably change its angle over a plane oriented
at a right angle to the direction across the two polar
portions of the iron core, and a twistable portion
(33c1) thereof arranged to controllably change the
twisting angle about a line which extends along the
moving direction of the armature.

An optical switch according to claim 1, further com-
prising a coil frame (22) for holding the coil (23) and
the iron core (25) and allowing the spring strips (27a)
to be joined at their retaining ends (27b) by corre-
sponding retaining sheets (28) thereto, the coil frame
(22) and the iron core (25) fitted by pressing into a
holding region of the body.

An optical switch according to claim 1, further com-
prising a lens holder platform (34) provided in the
body (2) for holding the lenses (35) the lens holder
platform (34) comprising a pair of lens beds (34a)
where a set of the lenses are mounted, a side wall
(34b) jointing between the two lens beds (34a), and
a bottom wall (34c) joined orthogonal to the side wall
(34b) and joined to the two lens beds.

An optical switch according to claim 13, wherein the
iron core (25) is fixedly mounted to the lens holder
platform (34).

Patentanspriiche

1.

Optischer Schalter fiir das Schalten des Lichtweges
zwischen Kollimationslinsen (35), die optisch mitden
Enden der entsprechenden optischen Fasern (4a,
4b, 4c, 4d) gekoppelt sind, durch die Vorlauf- und
Zurlickziehbewegungen eines Prismas (31), der auf-
weist:

ein Gehause (1), das ein optisches Schalterge-
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hause einschlieft und die Kollimationslinsen
und die optischen Fasern enthalt;

ein elektromagnetisches Antriebsteil (2), das ei-
nen Anker (21) umfasst, der angeordnet ist, um
das Prisma (31) und einen Spulenblock (2a) fir
das Steuern der Bewegung des Ankers (21) mit-
tels magnetischer Wirkungen zu halten, wobei
der Spulenblock (2a) umfasst: einen Eisenkern
(25) mit zwei magnetischen Polabschnitten
(25a, 25b), die an beiden Enden davon vorhan-
den sind; eine Spule (23) fur das Erregen des
Eisenkernes (25); und einen Dauermagneten
(26) fur das Magnetisieren des Ankers (21), wo-
beider Anker (21) einen ersten Kontaktabschnitt
(21a), der entgegengesetzt der einen Seite des
einen (25a) der zwei magnetischen Polabschnit-
te angeordnet ist, der zu einer Bewegungsrich-
tungdes Ankers (21) hin liegt, und einen zweiten
Kontaktabschnitt (21b) umfasst, der entgegen-
gesetzt der einen Seite des anderen magneti-
schen Polabschnittes (25b) angeordnet ist, der
zur anderen Bewegungsrichtung des Ankers
(21) hin liegt; und

eine Blattfeder (27), die in der Bewegungsrich-
tung des Ankers elastisch ist, die hauptsachlich
aus mindestens zwei sich parallel erstrecken-
den Federbandern (27a) besteht, wobei jedes
Federband stationar an einem Ende (27b) am
Gehause und am anderen Ende (27c¢) an einem
Zwischenbereich zwischen den zwei Kontakt-
abschnitten (27a, 27b) des Ankers (21) montiert
ist, um dadurch den Anker (21) und das Prisma
(31) fur eine lineare Bewegung raumlich zu hal-
ten, wobei

das elektromagnetische Antriebsteil (2) und das
Prisma (31) nebeneinander entlang der Bewe-
gungsrichtung des Ankers (21) angeordnetsind,
und

der Anker (21) und das Prisma (31) so angeord-
net sind, dass sie linear unter einem rechten
Winkel zum Lichtweg zwischen den Linsen (35)
bewegt werden kdnnen, wenn der optische
Schalter in Betrieb ist.

Optischer Schalter nach Anspruch 1, bei dem das
elektromagnetische Antriebsteil (2) eine bistabile
Funktion fir das Halten des Ankers (21) durch die
Magnetkraft des Dauermagneten (26) in jeder der
zwei Positionen durchfiihrt, wobei der erste Kontakt-
abschnitt (21a) des Ankers in direkten Kontakt mit
dem entsprechenden Polabschnitt (25a) des Eisen-
kernes kommt, und wobei der zweite Kontaktab-
schnitt (21b) des Ankers in direkten Kontakt mit dem
anderen Polabschnitt (25b) des Eisenkernes kommit.

Optischer Schalter nach Anspruch 1, bei dem das
elektromagnetische Antriebsteil (2) eine monostabi-
le Funktion fiir das Halten des Ankers (21) durch die
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Magnetkraft des Dauermagneten (26) konstant in ei-
ner der zwei Positionen durchfiihrt, wobei der erste
Kontaktabschnitt (21 a) des Ankers in direkten Kon-
takt mit dem entsprechenden Polabschnitt (25a) des
Eisenkernes kommt, oder wobei der zweite Kontakt-
abschnitt (21b) des Ankers in direkten Kontakt mit
dem anderen Polabschnitt (25b) des Eisenkernes
kommt.

Optischer Schalter nach Anspruch 1, bei dem die
Anzahl der Federbander (27aa-27ad) vier betragt
und der Anker (21) zwischen zwei Paaren
(27aa&27ab, 27ac&27ad) von Federbandern ange-
ordnet ist, wobei sich jedes Paar in einer Richtung
von jeder Verbindung mit dem Anker zu einem der
magnetischen Polabschnitte erstreckt.

Optischer Schalter nach Anspruch 4, bei dem die
Blattfeder (27) einen Verbindungsstreifen (27c) da-
von angeordnet aufweist, der sich in der Bewe-
gungsrichtung des Ankers (21) erstreckt und mitdem
Anker entlang der Bewegung in einer sich tberdek-
kenden Beziehung verbunden ist, wahrend die Fe-
derbander (27aa-27ad) zusammenhangend mit den
Enden des Verbindungsstreifens (27¢) in der Bewe-
gungsrichtung des Ankers angeordnet sind.

Optischer Schalter nach Anspruch 5, bei dem das
Prisma (31) an einer Prismenmontagegrundplatte
(29) montiert ist, die zusammenhangend mit minde-
stens einer Seite des Ankers (21) vorhanden ist.

Optischer Schalter nach Anspruch 6, bei dem der
Verbindungsstreifen (27c) zwei Abzweigungen (27f)
davon aufweist, die flr das Aufnehmen der Prismen-
montagegrundplatte (29) dazwischen bereitgestellt
werden.

Optischer Schalter nach Anspruch 7, bei dem die
Federbander (27ab, 27ad) einen Rahmenstreifen
(27g) aufweisen, der vorhanden ist, um zusammen-
hangend zwischen deren Enden zu verbinden, die
mit den zwei Abzweigungen gekoppelt sind, um da-
durch ein Fenster (27h) auszubilden, das durch die
zwei Abzweigungen (27f) und den Rahmenstreifen
(27g) definiert wird, wo die Prismenmontagegrund-
platte (29) aufgenommen wird.

Optischer Schalter nach Anspruch 1, der auf3erdem
eine Prismenmontagegrundplatte (32, 33) fur das
mechanische Koppeln zwischen dem Anker (21) und
dem Prisma (31) aufweist, wobei die Prismenmon-
tagegrundplatte einen klappbaren Abschnitt (33) da-
von angeordnet aufweist, um ihren Winkel Gber eine
Ebene kontrollierbar abzuwandeln, Gber die sich die
Bewegungsrichtung des Ankers und die Richtung
Uber die zwei Polabschnitte (25a, 25b) des Eisen-
kernes erstrecken.
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Optischer Schalter nach Anspruch 1, der auflerdem
eine Prismenmontagegrundplatte (32, 33) fir das
mechanische Koppeln zwischen dem Anker (21) und
dem Prisma (31) aufweist, wobei die Prismenmon-
tagegrundplatte aufweist: einen ersten klappbaren
Abschnitt (33c1) davon angeordnet, um ihren Winkel
Uber eine Ebene kontrollierbar zu verandern, Gber
die sich die Bewegungsrichtung des Ankers und die
Richtung uber die zwei Polabschnitte des Eisenker-
nes erstrecken; und einen zweiten klappbaren Ab-
schnitt (33c2) davon angeordnet, um ihren Winkel
Uber eine Ebene kontrollierbar zu verandern, die un-
ter einem rechten Winkel zur Richtung Gber die zwei
Polabschnitte des Eisenkernes ausgerichtet ist.

Optischer Schalter nach Anspruch 1, der auflerdem
eine Prismenmontagegrundplatte (32, 33) fur das
mechanische Koppeln zwischen dem Anker (21) und
dem Prisma (31) aufweist, wobei die Prismenmon-
tagegrundplatte aufweist:

einen ersten klappbaren Abschnitt (33c1) davon
angeordnet, um ihren Winkel tber eine Ebene
kontrollierbar zu verandern, tber die sich die Be-
wegungsrichtung des Ankers und

die Richtung Uber die zwei Polabschnitte des
Eisenkernes erstrecken; einen zweiten klapp-
baren Abschnitt (33c2) davon angeordnet, um
ihren Winkel Uber eine Ebene kontrollierbar zu
verandern, die unter einem rechten Winkel zur
Richtung tber die zwei Polabschnitte des Eisen-
kernes ausgerichtetist; und einen verdrehbaren
Abschnitt (33c1) davon angeordnet, um den
Verdrehungswinkel um eine Linie kontrollierbar
zu verandern, die sich langs der Bewegungs-
richtung des Ankers erstreckt.

Optischer Schalter nach Anspruch 1, der aulierdem
einen Spulenrahmen (22) fir das Halten der Spule
(23) und des Eisenkernes (25) aufweist und gestat-
tet, dass die Federbander (27a) an ihren Halteenden
(27b) durch entsprechende Halteplatten (28) damit
verbunden werden, wobei der Spulenrahmen (22)
und der Eisenkern (25) durch Pressen in einen Hal-
tebereich des Gehauses befestigt werden.

Optischer Schalter nach Anspruch 1, der auf3erdem
eine Linsenhalterplattform (34) aufweist, die im Ge-
hause (2) fur das Halten der Linsen (35) vorhanden
ist, wobei die Linsenhalterplattform (34) aufweist: ein
Paar Linsengrundplatten (34a), wo eine Reihe von
Linsen montiert wird; eine Seitenwand (34b), die zwi-
schen den zwei Linsengrundplatten (34a) verbindet;
und eine Bodenwand (34c), die orthogonal mit der
Seitenwand (34b) verbunden ist, und die mit den
zwei Linsengrundplatten verbunden ist.

Optischer Schalter nach Anspruch 13, bei dem der
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Eisenkern (25) stationar an der Linsenhalterplatt-
form (34) montiert ist.

Revendications

Commutateur optique pour commuter la raie spec-
trale entre des lentilles de collimation (35) accou-
plées optiquement aux extrémités de fibres optiques
correspondantes (4a, 4b, 4c, 4d) par les déplace-
ments d’avance et de rétraction d’'un prisme (31),
comprenant:

un corps (1) incorporant un boitier du commu-
tateur optique et contenant les lentilles de colli-
mation ainsi que les fibres optiques;

un dispositif d’entrainement électromagnétique
(2), englobant une armature (21) destinée a re-
tenir le prisme (31) et un bloc de bobine (2a)
pour entrainer le déplacement de I'armature
(21) par I'intermédiaire d’actions magnétiques,
le bloc de bobine (2a) englobant un noyau de
fer (25) comportant deux parties polaires ma-
gnétiques (25a, 25b) agencées au niveau des
deux extrémités correspondantes, une bobine
(23) pour exciter le noyau de fer (25) etun aimant
permanent (26) pour aimanter I'armature (21),
larmature (21) englobant une premiére partie
de contact (21a) agencée en un point opposé a
un c6té de I'une (25a) des deux parties polaires
magnétiques faisant face a une direction du dé-
placement de I'armature (21), et une deuxieme
partie de contact (21b) agencée en un point op-
posé a un cbté de l'autre partie polaire magné-
tique (25b) faisant face a I'autre direction du dé-
placement de I'armature (21); et

un ressort a lames (27) élastique dans la direc-
tion de déplacement de I'armature, constitué
pour I'essentiel par au moins deux bandes de
ressort a extension paralléle (27a), chacune des
bandes de ressort étant montée de maniére fixe
au niveau d’une extrémité (27b) sur le corps et
au niveau de l'autre extrémité (27c¢) sur une ré-
gion intermédiaire située entre les deux parties
de contact (27a, 27b) de I'armature (21), pour
retenir ainsi dans I'espace I'armature (21) et le
prisme (31) en vue d’'un déplacement linéaire,
et dans lequel

le dispositif d’entrainement électromagnétique
(2) et le prisme (31) sont agencés 'un prés de
l'autre le long de la direction de déplacement de
'armature (21); et

'armature (21) et le prisme (31) sont agencés
de sorte a pouvoir étre déplacés de maniere li-
néaire a angle droit parrapportalaraie spectrale
entre les lentilles (35) lorsque le commutateur
optique est actionné.
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Commutateur optique selon la revendication 1, dans
lequel le dispositif d’entrainement électromagnéti-
que (2) assure une action bistable pour retenir I'ar-
mature (21) par la force magnétique de I'aimant per-
manent (26) au niveau de chacune de deux posi-
tions, ou la premiére partie de contact (21a) de I'ar-
mature entre en contact direct avec la partie polaire
correspondante (25a) du noyau de fer et ou la
deuxiéme partie de contact (21b) de 'armature entre
en contact direct avec l'autre partie polaire (25b) du
noyau de fer.

Commutateur optique selon la revendication 1, dans
lequel le dispositif d’entrainement électromagnéti-
que (2) assure une action monostable pour retenir
'armature (21) par la force magnétique de I'aimant
permanent (26), de maniére constante au niveau de
'une des deux positions, ou la premiére partie de
contact (21a) de I'armature entre en contact direct
avec la partie polaire correspondante (25a) du noyau
de fer ou dans laquelle la deuxiéme partie de contact
(21b) de l'armature entre en contact direct avec
I'autre partie polaire (25b) du noyau de fer.

Commutateur optique selon larevendication 1, dans
lequel le nombre de bandes de ressort (27aa-27ad)
correspond a quatre, 'armature (21) étant agencée
entre deux paires (27aa et 27ab, 27ac et 27ad) des
bandes de ressort, chaque paire s’étendant dans
une direction a partir de chaque raccordement avec
'armature vers une partie polaire magnétique.

Commutateur optique selon la revendication 4, dans
lequel le ressort a lames (27) comporte une bande
de raccordement (27c) s’étendant dans la direction
de déplacement de I'armature (21) et raccordée a
I'armature le long du déplacement dans une relation
par chevauchement, les bandes de ressort (27aa-
27ad) étant agencées d’une seule piece avec les
extrémités de la bande de raccordement (27¢) dans
la direction de déplacement de I'armature.

Commutateur optique selon la revendication 5, dans
lequel le prisme est monté sur un lit de montage de
prisme (29) faisant partie intégrante d’au moins un
coté de 'armature (21).

Commutateur optique selon la revendication 6, dans
lequel la bande de raccordement (27c) comporte
deux branches (27f) destinées a recevoir le lit de
montage de prisme (29) entre elles.

Commutateur optique selon larevendication 7, dans
lequel les bandes de ressort (27ab, 27ad) compor-
tent une bande de cadre (27g) destinée a assurer
un raccordement d’'une seule piéce des extrémités
correspondantes, accouplée aux deux branches,
pour former ainsi une fenétre (27h) définie par les
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deux branches (27f) et la bande de cadre (27g) au
niveau du point de réception du lit de montage du
prisme (29).

Commutateur optique selon la revendication 1, com-
prenant en outre une plaque de montage de prisme
(32, 33) destinée aassurer 'accouplement entre I'ar-
mature (21) et le prisme (31), la plaque de montage
de prisme comportant une partie pliable (33) desti-
née a modifier de maniéere contrélée son angle au-
dela d’un plan dans lequel s’étendent la direction de
déplacement de I'armature et la direction traversant
les deux parties polaires (25a, 25b) du noyau de fer.

Commutateur optique selon la revendication 1, com-
prenant en outre une plaque de montage du prisme
(32, 33) pour assurer I'accouplement mécanique en-
tre I'armature (21) et le prisme (31), la plaque de
montage du prisme comportant une premiére partie
pliable (33c1) destinée a changer de maniére con-
trélée son angle au-dela d’un plan dans lequel
s’étendent la direction de déplacement de 'armature
et la direction traversant les deux parties polaires du
noyau de fer, et une deuxiéme partie pliable (33c2)
destinée a changer de maniére contrélée son angle
au-dela d’une plan orienté a angle droit par rapport
a la direction traversant les deux parties polaires du
noyau de fer.

Commutateur optique selon larevendication 1, com-
prenant en outre une plaque de montage du prisme
(32, 33) pour assurer I'accouplement mécanique en-
tre 'armature (21) et le prisme (31), la plaque de
montage du prisme comportant une premiére partie
pliable (33cl) destinée a changer de maniére contro-
Iée son angle au-dela d’un plan dans lequel s’éten-
dent la direction de déplacement de I'armature et la
direction traversant les deux parties polaires du
noyau de fer, et une deuxiéme partie pliable (33¢c2)
destinée a changer de maniére contr6lée son angle
au-dela d’une plan orienté a angle droit par rapport
a la direction traversant les deux parties polaires du
noyau de fer, et une partie a torsion (33c1) destinée
a changer de maniére contrélée I'angle de torsion
autour d’une ligne s’étendant le long de la direction
de déplacement de I'armature.

Commutateur optique selon la revendication 1, com-
prenant en outre un cadre de bobine (22) pour retenir
la bobine (23) et le noyau de fer (25) et permettant
le raccordement des bandes de ressort (27a) au ni-
veau de leurs extrémités de retenue (27b) par des
feuilles de retenue correspondantes (28), le cadre
de la bobine (22) et le noyau de fer (25) étant ajustés
par pression dans une région de retenue du corps.

Commutateur optique selon la revendication 1, com-
prenant en outre une plate-forme de retenue de len-
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tilles (34) agencée dans le corps (2) pour retenir les
lentilles (35), la plate-forme de retenue de lentilles
(34) comprenant une paire de lits de lentille (34a) au
niveau desquels est monté un groupe de lentilles,
une paroi latérale (34b) reliant les deux lits de lentille
(34a) et une paroi inférieure (34c) reliée de maniere
orthogonale a la paroi latérale (34b) et reliée aux
deux lits de lentille.

Commutateur optique selon la revendication 13,
danslequelle noyau defer (25) est monté fermement
sur la plate-forme de retenue de lentilles (34).
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